Abstract In order to develop a high-voltage power supply (HVPS) with high quality parameters, not only its electrical circuit but also its structure should be studied in detail. In this paper, the structure design of the collector power supply for gyrotron is discussed first. Then the electrical field and potential simulations of its main devices are analyzed. Finally, relevant calculations and conclusions are given.
Introduction
Electron cyclotron resonance heating (ECRH) is one of the primary auxiliary heating methods for tokamak experiments. The gyrotron is the most important power component of the ECRH system. To increase the efficiency and simplify the cooling requirements, most high power and long pulse gyrotrons are equipped with a depressed collector [1] . Building a collector power supply with high quality parameters is crucial to the operation of the ECRH system. In order to promote ECRH technology, an international cooperation project between GYCOM Company and Institute of Plasma Physics, Chinese Academy Sciences (ASIPP) is in progress to develop a collector power supply for gyrotron.
There are two factors that can influence the characteristics of HVPS: one is its electrical circuit and the other is its structure [2, 3] . In this paper, the structure design of a collector power supply will be discussed in detail.
Structure design
According to technical parameters, the energy dissipated in the gyrotron should be no more than 10 J when its inner arcing happens. That is to say, the collector power supply should be shut off as soon as possible to protect the gyrotron in this case. The switch-off time should be no more than 10 µs [4] . The key parameters of collector power supply are shown in Table 1 [ 5] . In order to make this HVPS meet technical requirements, especially the frequency and depth of modulation, using pulse step modulation (PSM) technology is the first choice. The total output voltage can be controlled by modifying the duty ratio of IGBTs through feed-forward control and feed-back control [6] . Fig. 1 is a schematic diagram of the circuit for collector power supply. How to arrange so many devices into a given room is the primary task in structure design. The requirement of electrical safety space and operational space should also be considered at the same time.
The main conditions that can influence the structure design of anode HVPS are:
a. The dimensions of the room that GYCOM Company can provide are 8900 mm (length)×5950 mm (width)×4000 mm (height).
b. According to the electrical safety standards, the safety distance of DC 60 kV should be no less than 389 mm.
c. The space among these devices should allow a person to walk through them easily. Based on the average height of adults, the operational distance between two devices should be no less than 500 mm.
Considering the conditions mentioned above, the layout of the collector power supply is designed as shown in Fig. 2 .
Fig.2 Layout of the collector power supply
The total length and width are 8850 mm and 5900 mm, respectively. From the top view, we can see that there is a 550 mm wide aisle around the outside. This aisle is used as the operational space and used to keep enough electrical safety distance between the high-voltage devices and the wall.
Based on the theory of PSM technology, these 84 PSM modules should be connected in series to obtain DC 60 kV output voltage. The output voltage increases gradually and the last PSM module has the highest voltage. Considering the electrical safety distance and space limitation, various arrangements of 84 modules are compared. Finally, these modules are designed to be arranged in an insulator bracket with six layers (the distance between two layers is 420 mm) and connected according to the direction of the arrow shown in Fig. 3 . This mode results in the shortest connection wires among modules. This facilitates the reduction of distributed capacitance and inductance. 
, but also become a good way to limit the dimensions of transformers, especially the height. Each transformer has its breaker switchgear and contactor switchgear. All these devices are so arranged as shown in Fig. 2 . Fig. 5 is the electrical field and potential overlays of transformers. The highest electrical field intensity is 1.3324e+06 V/m and takes place at point C. The highest voltage is 59.8 kV and takes place at point D.
Both the current-limiting resistance and the dummy load consist of non-inductance resistors. After arranging the transformers and modules, the length and width of the left space are 2050 mm and 5950 mm, respectively. Restrained by the dimension of the left space, the length of a single resistor should be no more than 680 mm. But that will cause the power of a single resistor to reduce and more resistors to be used. As shown in Fig. 2 , increasing the layers of resistors is an efficient way to resolve this problem.
The current measurement cabinet is arranged between the current-limiting resistance and the dummy load. Two voltage dividers are arranged near the PSM modules and the dummy load, respectively (see Fig. 2 ). The control cabinet is in another operational room nearby. 
Calculation and simulation
The distributed capacitance of n conductors can be calculated as follows.
Eq. (1) is used to describe the relationship of Q (quantity of electric charge) and U (voltage) among n conductors. C g is the capacitance-to-earth matrix of conductors.
If the voltage of one conductor in Eq. (1) is changed to the voltage difference between it and another conductor, the equation can be rewritten as,
C l is the matrix of lumped capacitance. It is usually used in the circuit simulation and calculation. If C l is known, the energy caused by the distributed capacitance of n conductors can be calculated by Eq. (5) below.
i, j-the serial number of the conductor. Based on Eqs. (4) and (5), we can calculate all the distributed capacitance and energy of collector power supply. Fig. 6 shows the main models used for simulation. Their distributed capacitance to earth and energy are recoded in Table 2 . Fig. 7 . We can see that the capacitance between two adjacent modules in the same row and in the same column is about 60.5 pF and 8.3 pF, respectively. 
Conclusions
As mentioned above, the energy dissipated in the gyrotron is composed of two parts: the residual energy of electrical circuit and the energy of distributed capacitance caused by the structure of collector power supply. The total energy should be no more than 10 J. From Table 2 we can see that the latter is about 2.63 J. If the gyrotron is to be protected safely when its inner arcing happens, the electrical circuit must be designed to make its residual energy less than 7.37 J. 
